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(57)Abstract 

PROBLEM TO BE SOLVED: To provide an electron beam exposure 
apparatus which reliably achieves high resolution, while realizing high ■ 
throughput using large-current electron beams. 
SOLUTION: After passing a lens system 10, an electron beam 100 
emitted from an electron beam source 30 has its open .hajtangje^ 
restricted to a ra n ge equal to or greater than a given value or equal to 
or smaller than another given va lue_by_ a_zonal illumination aperture 11 
I he electron beam illuminates a mask 1, forming its image on a 
photosensitive substrate 2. A scattering aperture 12 is provided 
midway for removing scattered beams. A minimum angle 
αmask-min and a maximum angle αmask-max of the 
distribution of the angle of the electron beams incident on the mask 
surface with respect to the center axis of the lens (open half-angle) 
lies in the range of 1.5 [mrad ] t o 3 [mrad] and are restricted so as to 
satisfy the relationship 

&verbar;αmask-max-&alpha:mask-min&verbar;≤0.75 [mrad]. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] About the electron-beam-lithography equipment which imprints the pattern 
on a mask to an induction substrate using an electron ray, in more detail, this invention relates to electron-beam-lithography 
equipment with good resolution, even when the electron ray of a high current is used. 
[0002] 

[Description of the Prior Art] Detailed-ization of an integrated circuit is required, and in order to draw a narrow pattern on an 
aligner more in connection with this, to be able to draw in higher resolution has been demanded as high integration of a 
semiconductor progresses. The aligner by the charged-particle line represented by the electron ray in it attracts attention as 
what can meet such a demand. 

[0003] In charged-particle line exposure, the mask which has drawn the circuit pattern of an integrated circuit beforehand is 
irradiated by the charged-particle line, and a circuit pattern is imprinted on a wafer substrate. Although the field exposed at 
once by charged-particle line exposure is called small field (subfield), some circuit patterns are drawn on one small field. By 
connecting the small field on a mask on a wafer substrate one by one, and imprinting it, all the circuit patterns of the 
semiconductor chip of a piece are imprinted on a wafer substrate (for example, refer to JP,8-64522,A). 
[0004] In the conventional charged-particle line exposure, a charged-particle line is converged with the charged-particle 
optical system which mainly consists of the magnetic lenses or electrostatic lenses for convergence. The example of the 
conventional charged-particle line aligner (electron-beam-lithography equipment) is shown in drawing 5 . As for dispersion 
aperture and 30, the aperture in which 1 has a mask and 2 has an induction substrate and opening with 10 [ circular / a lens 
and 1 1 ] in drawing 5 , and 1 2 are / the source of an electron ray and 1 00 / electron rays. 

[0005] The aperture 1 1 in which the electron ray emitted from the source 30 of an electron ray has circular opening after 100 
passes lens 10 system restricts aperture half size to below fixed. And a mask 1 is i l luminated and image formation of the 
i mage is car rie d out onthe jnduction substrate 2. The middle, in order-to remove the scattered radiation, the dispersion 

aperture 1 2 is formed . . 

[0006] In the aligner using the electron ray which imprints such a pattern beforehand prepared on the mask on an induction 
substrate, in order to raise the throughput per unit time (throughput), iris desirable to use the electron ray of the biggest 
possible current. However, with electron-beam-lithography equipment, the usable amount of current has a limit. That is, when 
the electron ray of a high current is used, as a result of contiguity or dispersion by the Coulomb repulsion of nearby electrons 
arising at random and an orbit's being disturbed at random by this dispersion during an electronic flight, by the time it reaches 
an induction substrate, the image of the small field by the electron ray will fade. 

[0007] The method of enlarging the aperture halfs ize of an electron ray as conve ntional technology which eases the dotage 
(the coulomb effect) by the above-mentioneU Coulomb repulsion is learned, taking large aperture halfsize -- it extracts, and 
since the path of the electron ray in a position becomes large and the distance between electrons becomes large by this, the 
Coulomb repulsion in inverse proportion to the square of the distance between electrons becomes weaker Therefore, dotage 
by the Coulomb repulsion becomes small. This situation is shown in drawing 6 . In drawing 6 , a horizontal axis shows 
aperture halfsize and a vertical axis shows the size of dotage. 

[0008] However, if aperture halfsize is enlarged, since the geometric aberration by the lens for converging and deflecting an 
electron rav and deflecting system will increase, as shown in drawing 6 , dotage by geometric aberration increases. Therefore, 
as for aperture halfsize, it is common that it is determined that the comprehensive dotage which consists of dotage by the 
aforementioned Coulomb repulsion and dotage by the aforementioned geometric aberration in drawing 6 will become the 



minimum. 

[0009] Furthermore, there is the space charge effect as an effect which is not taken into consideration above. The space 
charge effect acts on each of the electron into which the electric field which the whole electron ray makes are flying, and 
means the effect which does the lens effect, the operation to which this space charge effect changes convergence of an 
electron ray like the electrostatic lens by the usual electrostatic field -- it is -- moreover, lens aberration, such as a curvature of 
field of an electron ray image, and distortion, and the same aberration - causing -- the above - the dotage by random 
dispersion causes aggravation of the resolution of an electron ray image independently 

[0010] Moreover, since the amounts of current which pass a mask also in the same amount of lighting current by the 
difference in the pattern numerical aperture of a mask differ, the small field imprinted by the electron ray of a high current and 
the small field imprinted by the electron ray of few current change in a focal position with lens operations which change 
convergence of an electron ray. 

[001 1] This situation is shown in drawing 7 . In drawing 7 ,2 is an induction substrate and 10 is a lens. In the case of a small 
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current, as shown in (a), even when^^focus is correct on the induction substrate 2 w^^ic lens 10, in the case of a high 
current, as shown in (b), a focus does not suit on the induction substrate 2, therefore a certain amendment is needed. Since the 
small field which has various pattern numerical apertures on a mask substrate exists and the current of an electron ray differs 
for every numerical aperture, it is necessary to perform this amendment for every small field. 

[0012] However, the range of a required focal amendment becomes large, therefore the range can be covered and it is 
necessary to design the possible focal amendment lens system of high-speed operation, so that lighting current turns into a 
high current. Furthermore, the aberration which the focal amendment lens system itself generates poses a problem, and the 
trouble that the big burden also in the electric control system for focal correcting-lens control starts is in an amendment sake 
quickly about the range, so that the amendment range spreads. 
[0013] 

[Problem(s) to be Solved by the Invention] As explained above, the aperture half size of the electron ray used for 
electron-beam-lithography equipment is not made not much greatly in fact, in order to receive the limit by the geometric 
aberration of a lens or deflecting system. Therefore, the amount of current of an electron ray will be restricted. Therefore, in 
the Prior art, it was difficult in electron-beam-lithography equipment to reconcile obtaining a high throughput using the 
electron ray of a high current, and obtaining high resolution. 

[0014] Realizing high throughput-ization in view of such a situation using the electron ray of a high current, this invention 
person invented the electron-beam-lithography equipment which can also realize high resolution-ization, and did patent 
application as Japanese Patent Application No. No. 1 1 1 357 [ ten to ] (henceforth "point ******"). it is 
"electron-beam-lithography equipment which has the method of dividing the pattern on a mask into a small field, being 
electron-beam-lithography equipment imprinted on an induction substrate for every smallness field, and reducing the diameter 
of the minimum of dotage by the aberration of the space charge effect by restricting the angular distribution to the lens medial 
axis of the electron ray which carries out incidence to a mask side to the suitable range, and doubling an induction substrate 
front face with the position of the aforementioned diameter of the minimum." Thereby, the electron-beam-lithography 
equipment whose resolution is lOOnm or less was realizable, using the electron ray of a high current. 
[0015] The example of the gestalt of operation of point ****** is shown in drawing 1 . drawing 1 -- setting -- 1 -- for a lens 
and 12, as for the aperture for narrow zona-orbicularis lighting, and 30, dispersion aperture and 13 are [ a mask and 2 / an 
induction substrate and 10 / the source of an electron ray and 100 ] electron rays 

[0016] 100 is restricted to below fixed more than fixed in aperture half size by the aperture 13 for zona-orbicularis lighting, 
after the electron ray emitted from the source 30 of an electron ray passes lens 10 system. And a mask 1 is illuminated and 
image formation of the image is carried out on the induction substrate 2. The middle, in order to remove the scattered 
radiation, the dispersion aperture 12 is formed. 

[0017] The matfTpoint of point ****** is by th e aperture 13 for zona-orbicularis l ighting to have restricted aperture half size 
to below fixed more than fixed, and, thereby, the following effect is acquired so that it may turn out that drawing 1 is 
compared with drawing 5 . 

[0018] (1) As a result of using only the electron ray of the large portion of the aperture angular distribution of the electron ray 
irradiated by using the electron optics system for projection using narrow zona-orbicularis lighting comparatively, the average 
relative distance between the electrons in near a drawing side increases, and since the average Coulomb repulsion which joins 
arbitrary electrons becomes small, dotage by the Coulomb repulsion decreases as compared with the 
electron-beam-lithography equipment of the conventional technology. 

[0019] (2) To the electron ray which carries out incidence to an induction substrate front face, since aperture half size does 
not exist but that of the electron ray near zero is only an electron with large aperture half size, the depressor effect of the space 
charge effect is remarkable. That is, first, a gap of the focal position which is a kind of the above-mentioned space charge 
effect becomes small intentionally as compared with the conventional technology, as shown in drawing 2 (a). That is, 
although drawing 2 (a) shows a gap of the focal position at the time of using the electron ray of the same amount of current as 
the case of drawing 7 (b), it shifted as compared with drawing 7 (b), and its amount has decreased. Since it becomes small by 
focal correcting-lens 1 0' amending the amendment range of a focal gap of an electron ray as shown in drawing 2 (b), this gap 
has the merit by which the design of a focal correcting-lens 10' system is simplified, and construction of the control system of 
focal amendment optical system is also simplified. 

[0020] Furthermore, there is a merit by which the curve effect of the small field image surface by the above-mentioned space 
charge effect is suppressed. This situation is shown in drawing 3 . drawing 3 does not show the degree of dotage by the space 
charge effect in the division fields 1-6 shown in (a) at the time of changing the position (height) of the induction substrate 2, 
and, in the case of the conventional technology in which it does not have the aperture 1 3 for zona-orbicularis lighting, (b) 
shows the case where (c) is point ****** which has the aperture 1 3 for zona-orbicularis lighting In point ******, since the 
position of the induction substrate 2 where dotage serves as the minimum about every division field 1-6 is located in near, 
dotage can be made small about all small fields by putting the induction substrate 2 on the position. 

[0021] The curve effect of the small field image surface by the above-mentioned space charge effect is an effect which cannot 
be rectified by the usual image amendment method. The image surface position of the optimal resolving at the time of a high 
current changes in a small field with these effects, and aggravation of resolution is produced. Since the curve effect of the 
small field image surface by the above-mentioned space charge effect is suppressed also in the time of exposure by the 
electron ray of a high current by point ******, the manufacture of electron-beam-lithography equipment with more high 
resolution with the sufficient homogeneity of the quality of the pattern image in a small field is attained. 
[0022] There is a merit by which distortion of the small field image by the above-mentioned space charge effect is suppressed 
in point ****** further. By the usual image amendment method, an amendment may deform the distortion of the small field 
image by the above-mentioned space charge effect into a difficult configuration. Aggravation of the bond precision of the 
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pattern over between the contiguity Iness fields at the time of a high current arise ording to this effect. Moreover, in 
the case of the circuit pattern formed in a multilayer, the superposition precision of the pattern between each class also gets 
worse. However, also in the time of exposure by the high current electron ray, since the distortion effect of the small field 
image by the above-mentioned space charge effect is suppressed by point ******, by it, supply of electron-beam-lithography 
equipment with more high resolution is attained. 

[0023] this invention makes it a technical problem to offer the electron-beam-lithography equipment which can realize high 
resolution-ization (resolution of 90nm or less) certainly further, improving this point ****** and realizing high 
throughput-ization using the electron ray of a high current. 
[0024] 

[Means for Solving the Problem] The 1st means for solving the aforementioned technical problem divides the pattern on a 
mask into a small field. Are electron-beam-lithography equipment imprinted on an induction substrate for every smallness 
field, and the diameter of the minimum of dotage by the aberration of the space charge effect is reduced by restricting the 
angular distribution to the lens medial axis of the electron ray which carries out incidence to a mask side to the suitable range. 
And it sets to the electron-beam-lithography equipment which has the method of doubling an induction substrate front face 
with the position of the aforementioned diameter of the minimum. Minimum angle alphamask-min and maximum angle 
alphamask-max of an angle (aperture half size) distribution to the lens medial axis of the electron ray which carries out 
incidence to a mask side It is within the limits of 1.5 [mrad] to 3 [mrad]. And |alphamask-max - alphamask-min|<= 0.75[mrad] 
It is electron-beam-lithography equipment (claim I) which has the electron ray lighting optical system characterized by being 
restricted so that a relation may be filled. 

[0025] It sets to point ****** and this means is minimum angle alphamask-min. Maximum angle alphamask-max and 
|alphamask-max - alphamask-min] Numerical limitation of the range is carried out. Minimum angle alphamask-min of the 
angular distribution to the lens medial axis of an electron ray The minimum value is limited to 1 .5 [mrad] because 
achievement with a target resolution of 90nm will become difficult when the activity ratio of the electron ray for a core 
becomes high among the angular distribution of an electron ray, therefore the effect of zona-orbicularis lighting falls and 
dotage by the space charge effect increases if it becomes less than [ this ]. Moreover, minimum angle alphamask-min of the 
angular distribution to the lens medial axis of an electron ray It is because achievement with a target resolution of 90nm will 
become difficult since geometric aberration is large even if the geometric aberration of a projection lens system can suppress 
the coulomb effect by becoming large if limiting maximum to 3 [mrad] exceeds this value. 

[0026] Maximum angle alphamask-max of the angular distribution to the lens medial axis of an electron ray The minimum 
value is limited to 1.5 [mrad] because achievement with a target resolution of 90nm will become difficult when the maximum 
of the angular distribution of an electron ray becomes small too much, the path of the electron ray near drawing becomes 
small and the coulomb effect dotage by random dispersion increases if it becomes less than [ this ]. Moreover, maximum 
angle alphamask-max of the angular distribution to the lens medial axis of an electron ray It is because achievement with a 
target resolution of 90nm will become difficult since geometric aberration is large even if the geometric aberration of a 
projection lens system can suppress the coulomb effect by becoming large if limiting maximum to 3 [mrad] exceeds this 
value. 

[0027] | alphamask-max - alphamask-min| 0.75 [mrad] It limits to below because the effect of zona-orbicularis lighting will 
fall, dotage by the space charge effect will increase by it and achievement with a target resolution of 90nm will become 
difficult, since the difference of the maximum angle of the angular distribution to the lens medial axis of an electron ray and 
the minimum angle becomes large too much and a zona-orbicularis lighting field becomes thick too much, if this value is 
exceeded. 

[0028] By restricting each aforementioned item to the predetermined range, the coulomb effect and the space charge effect are 
reduced most effectively, and the geometric aberration by the lens and deflecting system can be suppressed as small. 
[0029] The 2nd means for solving the aforementioned technical problem is the 1st means of the above. The current of the 
electron ray which carries out incidence to the aforementioned mask side is set to Iillumi [muA]. When setting to V [keV] 
acceleration voltage of the electron ray which sets distance of the aforementioned mask side and the aforementioned induction 
substrate to L [mm], and carries out incidence to the aforementioned mask side and making maximum of the aperture half size 
of the electron ray in respect of [ induction substrate ] the above into alphawafer-max [mrad], Fol lowing 
Vcand(alphawafer-max) simultaneous-inequalities condition A-La and (lillumi/4) b/{d} <=40-2.5- (alphawafer-max -10) [nm] 
-- (I) Iillumi>= : 70 [muA] -- (2) V<= 200 [keV] L>= 300 [mm] It is electron-beam-lithography equipment (claim 2) which 
has electron ray projection equipment with which are satisfied of (3). However, A, a, b, c, and d are constants, are 
61<=A<=81, 1.2<=a<=1.4, 0.6<=b<=0.85, 1.3<=c<=1.6, and 0.6<=d<=0.8, and when setting the reduction scale factor of the 
aforementioned electron ray projection equipment to 1/m, they are alpha wafer-max=m-alpha mask-max here. 
[0030] Among these, the electron-beam-lithography equipment which carrying out the current Iillumi of the electron ray 
which carries out incidence to a mask side to more than 70 [muA] makes the object of this invention is because it has 
restricted to what has the current value beyond this. 

[003 1] Moreover, although acceleration voltage V is desirable since dotage by the Coulomb repulsion becomes small so that 
it is high, if 200 [keV] is exceeded, since the sensitivity of the sensitization agent (called a resist) applied on the induction 
substrate will fall extremely and an induction substrate throughput will decline conversely, an upper limit is limited to 200 
[keV]. 

[0032] Moreover, in the case of L= 300mm or less, although the above-mentioned dotage becomes small so that it is short, 
since the current passed to the magnetic lens on which an electron ray is converged becomes large too much and the distance 
L between mask-induction substrates has the problem whose generation of heat is too large, it is not desirable. Therefore, L is 
limited to 300mm or more. 
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[0033] Furthermore, it sets for this^ns and is VCand(alphawafer-max) A-La and (^^ni/4) b/{d} <=40-2.5- 
(alphawafer-max -10). [nm] - It is nraae for (I) to be realized. The left part of a formula (I) expressed the amount of dotage 
by random dispersion by the Coulomb repulsion, and it has restricted it so that it may become below the right-hand side. Since 
the geometric aberration by the lens and deflecting system will increase if the maximum of aperture half size changes, in order 
to obtain an equivalent performance, the right-hand side opens and because only the increment needs to reduce dotage by the 
coulomb effect, it has become the function of maximum alphawafer-max of half size. By filling a formula (1), the amount of 
dotage by random dispersion by the Coulomb repulsion decreases to about 35-50nm depending on the value of 
alphawafer-max. 
[0034] 

[Example] Hereafter, the example of the gestalt of operation of this invention is explained using drawing. In the example of 
the gestalt of operation of this invention, since the composition of equipment is the same as the gestalt of operation of point 
****** shown in drawing 1 , the explanation is omitted. Drawing 4 is maximum angle alphamask-max of the angular 
distribution to the lens medial axis of the electron ray which carries out incidence to a mask side. It is drawing showing the 
relation of dotage of an image. Each dashed line is related with the electron-beam-lithography equipment which has the 
aperture 1 I of circular opening so that each solid line may be shown in the conventional technology, i.e., drawing 5 , about 
this invention (and point ******) in drawing 4 . 

[0035] There is dotage by the space charge effect other than the coulomb effect dotage by random dispersion and dotage by 
geometric aberration in the factor of dotage. Total of these three dotage is shown as comprehensive dotage. Comprehensive 
dotage is alphamask-max. It is the minimum when it is within the limits of 1 .5 [mrad] to 3 [mrad]. In addition, it is 
considering as alphamask-min=0.8 and alphamask-max at this time. 

[0036] Next, it compared by manufacturing three kinds of examples of comparison with which nine kinds of examples and the 

conditions of this invention are not filled by the design condition which fulfills the conditions of this invention. 

[0037] The conditions of each example and each example of comparison are shown below. 

[an example 1] -- L = 500 [mm] and Iillumi/— 4 = 20 [uA], V = 100 [keV], and alphawafer-min = — 8 [mrad] and 

alphawafer-max = -- 10 [mrad] Electron-beam-lithography equipment with the electron optics system for mask image 

projection. 

[an example 2] - L = 500 [mm] and Iillumi/- 4 = 20 [uA], V = 100 [keV], and alphawafer-min = -- 7 [mrad] and 
alphawafer-max = - 9 [mrad] Electron-beam-lithography equipment with the electron optics system for mask image 
projection. 

[an example 3] -- L = 400 [mm] and Iillumi/-- 4 = 25 [uA], V = 100 [keV], and alphawafer-min = - 9.6 [mrad] and 
alphawafer-max = -- 12 [mrad] Electron-beam-lithography equipment with the electron optics system for mask image 
projection. 

[0038] [an example 4] -- L = 500 [mm] and Iillumi/-- 4 = 25 [uA], V = 100 [keV], and alphawafer-min = -- 8 [mrad] and 
alphawafer-max = — 10 [mrad] Electron-beam-lithography equipment with the electron optics system for mask image 
projection. 

[an example 5] -- L = 400 [mm] and Iillumi/-- 4 = 25 [uA], V = 100 [keV], and alphawafer-min = -- 7 [mrad] and 
alphawafer-max = -- 9 [mrad] Electron-beam-lithography equipment with the electron optics system for mask image 
projection. .. . . . 

[an example 6] -- L = 450 [mm] and Iillumi/-- 4 = 22.5 [uA], V = 100 [keV], and alphawafer-min = -- 7 [mrad] and 
alphawafer-max = - 9 [mrad] Electron-beam-lithography equipment with the electron optics system for mask image 
projection. 

[0039] [an example 7] -- L = 450 [mm] and Iillumi/- 4 = 22.5 [uA], V = 100 [keV], and alphawafer-min = - 8 [mrad] and 
alphawafer-max = — 10 [mrad] Electron-beam-lithography equipment with the electron optics system for mask image 
projection. 

[an example 8] — L= 500 [mm] and Iillumi/— 4 = 25 [uA], V = 120 [keV], and alphawafer-min = — 8 [mrad] and 
alphawafer-max = -- 10 [mrad] Electron-beam-lithography equipment with the electron optics system for mask image 
projection. 

[an example 9] - L = 500 [mm] and Iillumi/- 4 = 25 [uA], V = 100 [keV], and alphawafer-min = - 7 [mrad] and 
alphawafer-max = -- 9 [mrad] Electron-beam-lithography equipment with the electron optics system for mask image 
projection. 

[0040] [the example 1 of comparison] -- L = 600 [mm] and Iillumi/- 4 = 25 [uA], V = 100 [keV], and alphawafer-min = - 0 
[mrad] and alphawafer-max = -- 6 [mrad] Electron-beam-lithography equipment with the electron optics system for mask 
image projection. 

[the example 2 of comparison] -- L = 500 [mm] and Iillumi/— 4 = 25 [uA], V = 100 [keV], and alphawafer-min = - 0 [mrad] 
and alphawafer-max = - 6 [mrad] Electron-beam-lithography equipment with the electron optics system for mask image 
projection. 

[the example 3 of comparison] - L = 500 [mm] and Iillumi/- 4 = 25 [uA], V = 100 [keV], and alphawafer-min = - 4 [mrad] 
and alphawafer-max = - 6 [mrad] Electron-beam-lithography equipment with the electron optics system for mask image 
projection. 

[0041] The size on an induction substrate [ that these examples and the example of comparison are called 1 time of 
electron-beam-lithography range (small field) ] is the square of a range 200um angle to 300um angles, or a rectangle near it, 
and an imprint scale factor assumes the electron-beam-lithography equipment which is an about 0.25 reduction scale factor. 
[0042] The examples 1 and 2 of comparison are the cases where the electron ray lighting system of the aperture half size out 
of range shown by this invention is used, although the example 3 of comparison used zona-orbicularis lighting about the 
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conventional technology. In additio^^ch example of comparison has the distance b *n the same amount of current as an 
example, and a mask-induction substrate side, acceleration voltage, etc. 

[0043] It depended and faded to dispersion by the Coulomb repulsion in these cases in Table 1, it was based on the space 
charge effect and faded, and it was based on the synthetic coulomb effect, and faded (square root of the = aforementioned two 
sums of squares), and the focal gap (position of the minimum dotage side) was shown, respectively. 

[0044] The comprehensive dotage by the coulomb effect is 65nm or less, and if dotage is estimated by the square root of the 
sum of squares even if all examples have lens aberration and 60nm of deflection errors in this, they are 1 (652+602 )/2 = 88nm, 
and can be considered as the electron-beam-lithography equipment which can fully resolve 90nm to each current value of an 
example. 

[0045] On the other hand, in the example of comparison, if it is going to imprint a mask pattern using current equivalent to 
this invention, as shown in Table 1, the comprehensive dotage by the coulomb effect will get worse sharply. If this is seasoned 
with about 60nm of the geometric aberration by the lens and deflecting system, resolution will exceed 90nm, therefore the 
electron-beam-lithography equipment of the target resolution will not be obtained. 

[0046] In addition, in the example 3 of comparison, since zona-orbicularis aperture is prepared, the result better than the 
example 1 of comparison and the example 2 of comparison is obtained. However, since the maximum aperture half size is 
6mrad(s), dotage by random dispersion does not become small, but moreover, since the zona orbicularis is as thick as 
4-6mrad, suppression of the space charge effect comes out only, and, for a certain reason, the amount of dotage is large to the 
example of this invention. 
[0047] 

Table 1] 
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[0048] . - - 

[Effect of the I nvention]' The diameter of the minimum of dotage by the aberration of the space charge effect is reduced by 
restricting the angular distribution to the lens medial axis of the electron ray which carries out incidence to a mask side to the 
suitable range in this invention, as explained above. And it sets to the electron-beam-lithography equipment which has the 
method of doubling an induction substrate front face with the position of the aforementioned diameter of the minimum. 
Minimum angle alphamask-min of the angular distribution to the lens medial axis of the electron ray which carries out 
incidence to a mask side Maximum angle alphamask-max It is within the limits of 1 .5 [mrad] to 3 [mrad]. And 
|alphamask-max - Since it is restricted so that the relation of alphamask-min| <= 0.75[mrad] may be filled Even if it uses the 
electron ray of a high current which exceeds 70 [muA], the amount of dotage by the coulomb effect or the space charge effect 
is small, and resolution can obtain electron-beam-lithography equipment 90nm or less. 

[0049] In addition, resolution can be further raised by giving a predetermined relation between maximum alphawafer-max of 
the acceleration voltage V of the electron ray which carries out incidence to Distance L and the aforementioned mask side of 
the current I illumi of the electron ray which carries out incidence to the aforementioned mask side, the aforementioned mask 
side, and the aforementioned induction substrate, and the aperture half size of the electron ray in respect of [ induction 
substrate ] the above. 



[Translation done.] 



5 of 5 



12/30/02 2:03 PM 



